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(54) SEMICONDUCTOR DEVICE FOR COMMUNICATION EQUIPMENT AND EQUIPMENT FOR 
COMMUNICATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device for communication equipment that is improved in 
high-frequency characteristic by suppressing ionization 
by accelerated impulse and the transition of carriers to a 
higher quantum level in a channel layer and, in addition, 
in withstand voltage and electrical characteristics. 
SOLUTION: This semiconductor device for 
communication equipment is provided with an InAIAs 
buffer layer 252, an InGaAs second channel layer 253 in 
which an InGaAIAs channel inserting layer 254 is 
embedded, and an InGaAsN first channel layer 255. This 
device is also provided with an InAIAs spacer layer 256, 
an impurity-doped layer 257, and a barrier layer 258. In 
addition, this device is also provided with a gate 
electrode 263 and source and drain electrodes 262 and 
261 provided on both sides of the gate electrode 263. 
Since the quantum level in the second channel layer 253 
is adjusted, the ionization by accelerated impulse and 
the transition of carriers to a higher quantum level in the 
channel layer 253 is suppressed. 
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1 5(7)±IC^«t^n/S: KU-<^-affil 1 Ot^m:^Xl^ 
6o ?'<f:Jo\ Ki^-f 1 1 O^O^y — 1 1 1 (1 

^(CA u G e/N i ^/i^^b o Tio »9 . KU'< >fiii§St 1 

1 5 1 y-^m*Si 1 4 <^^n^*n:t— ^ -^iJ^mfttLr 
[0 0 4 31 t^fz. ^nmmmcomnm^m^mi^mm 
mi 0 5 t<D!^mMi5:\^^^ vri>mmL. n^kTcm^ 

;^:^l09^^C6o wCO^^. m^lfcliKu^^^m^l 
1 OTJi^^lSic KU'1'>'®«1 1 5, Z.».7cm^:tf^ 1 0 
9. y-:^ffi«ii4, y— 1 1 (DSK^jJfcti 

[0 0 4 4 1 :^mmmm(omiMms^m^mi^mm7!im^ 

t^tii^j^n^ ^-y^/WJl 1 0 3;&s. ^OF^gBJdlp:^ 1 
nmJ[^±l 0 nmi^TcO I nG a A 1 A s ^ii^^b^tC -5^-^ 
^^>'H^JfAMl 0 4^^LTV^-5r<tT*^-5o ^LT. 
l^lft^Jcti. ^-V^^/U® 1 0 3 (D 9 ■t^'l-F^Jf A® 

1 0 4<D±;^(c-JS^7cm-7-;'tf^ 1 0 9;d55feC'5o 
T% ^^r^-/l-F^lf A^ 10 4 ^"^tf^-y ^^/^^ 1 0 3 
il^Jl^if^ 1 5 nmr*^oT. ^-t^-^'l-f^tf Ail 1 0 4 ^ 
:^^—^m 10 5 t <Dmm dl\t. ^Jx.(^ 2 n m]^± 1 
4 n mJL^TT*fc5o ^fc. ^^ .y:7Tgl0 2, 'f-^^^^/U 
^WAMl 0 ARU^-Y^-yl^mi O 3, !^glO 

5, TS 1 0 7^r;^=i:^^^ 1 0 8^i'1e^^•e^^ 

^^m^\::'i^^i^- (MBE) &'^'fl:#^ti/5[)(::i: (CV 

D) m/:^\cx^mm^titcmx;h^. inPS«io 
[004 51 :^mm,mm(Dmmm^m^^#imm 

(c4BV^r. f^•Y^-y^'P^^fAiil 0 4^i9:*tfcr^tcj;^ 

[0 0 4 6] 02 (a) , (h) ^tl^^timi 5 <D 

I la- 1 lalSf^® {C:}o 5 tt^^CO H F E T caai^./U:^>-y< 

i^h^m. Rxfmi(DUb-ubmmm^:ifSifh>^Mmmm 

El^fKBS^f^f 5yca6{c. :i - X\ty< y r^;^^^^^-^./^ 
[004711212 (a), (b) iCTj^-TJ: :$iMm 

mm(Dminm^m^mt*^mm{c^\^^x^t. t**oHFE 
Mt^^^^ji^m 10 3 (7)ezSffio7Kf'>''>-v>'^<t »9 "bi^ 

<fj:oXio^. :^^—^mi 0 5 t^-r^-/\^mi 0 3<0 
6o *^lf£JI^S03lffmf§ffl^Sf*:$^S(7)^-^, rcD/< 
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> K^^iili^ttd, f^t'3|$(/)M F E T t Umfi] CO. 5 5 e 

10 0 4 8] ^fz. '^'Mmmmoriihmm'^m-mi^mm 

A I A s X'^^tzMc^ ^•^^^/^® 1 0 a^rWlfiJc-r-S I 
nG a A s ct *9 h<^m^^o:t7f.7- > /l^/)^ < ^S:-:>X 

^-r^>/l-® 1 0 3 <t ^ ^wup^tf A® 1 0 4 
rajC(j<H2ff^lRiJ(Cj(i!^0. 0 3 e VU±o:>y<>' K^ili^;^^ 
^ti-r^o Zo:>tzib. ^-v^^/t-^ I 0 3(7)0 ^b. 

1 0 5 «t ^ ^wui^if AS 1 0 4 <tc7)PH^o;i:$ d 1 

S-^-t^^/UF^t^AS 1 0 4r«1(c:ff^^^ix6T{4co&^ 
E 1 t±{^<DM'T'm<iLE 2t(D^X "9 t±^<^JioX\.^ 

Op"^;^^-- l^^l 0 5-f^-^^./UF^Jf A^ 1 0 4m{Z 
-OFsimiEE^S f|5 < o T ^ > -5 i^ffir-O F E T K)f^tC*5 V > 

xh:^^—^m 10 5 -^-v^^/n^^fA/i 1 0 4m<D^ 

ABl 0 4<Z)>'<VK^^yr#iH0. 8eVJ^Jl±T-fc 

[0 0 4 9] :i:iT% ^-^^>/ui^|fA^i 04<h;^-<- 

iMi 05t<D^md i^mm^^zticx-r^x. Tffi 
cofi^iiffiE 1 ' Ri^±&(Dm^mi5:E 2' (om^^m 
m-r^zt^'^x^^, mz^ ^-t^^/uf^ifAiii o4co 
Bmmm^Ei' {zm^j:h^j:\^^x^i&<fj:ox^^^zt 

10 5 t(Dmmd 1 < fj:^iit'±itE(Dmi^m&E 

^mzX>0±t <^mLti:\^^(DX\ TitLCDMl^m&E 
1' <^±tec7)fl:^tp{5z:E2* ^<^ll^:^§:<i-sr<t;d? 
T-#6o ^i0^^o±tecofl:^ii{i5[E 2' ^Tfeoft^ 
«{4E 1 ' .irtofaipgli, 5^^^./up^}f A^ 1 0 4^^it 
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(0 0 5 01 ^tz. ±{5:(7)S:^?je{5:E 2 • ;^-7-v^wu^ 
1 0 3c')iHW?Jf5S;J^7->>^-yuj:»:; (,^<^ ^i-t^/K^ 
ffiA® 1 0 4</)9 <b'>/jr< ^ t,-Slic7)^«^iSJ: 0 t^iS 
< ct 9(c^i'4'^/uf^|f AS 1 0 4 ^raSttt^ - ^(cj: 

fi^i^&E2' ^xy)±^<^m^it^ztA*^x^ 

So 

(0 0 5 1 1 ySiJ^TL, ^^^^/H^lfA® 1 0 4t^-<- 
c?)fi^mf4Ei' ^'-^^x^fj:<fj:^o:>x\ TitLcomi' 

miicEi' ti>^m,x^. ao±ffi(7>s^fiteE 2' 

■^4'^>'UF^If AS 1 0 4 (omm^ti^X ^ i,{S:<fj:^J:o^£ 
'^X;hti.i^X\^\ -r^J:t>h. d 1 ji2 nmJl^X±l 4 nm 
^TX»>^Zt7bmt^ 
[0 0 5 2] ^yc. ^-V^wUf^JfAS(7)J?^d 2fiffi« 1 

So 

[0 0 5 3] i.y.±<Dx o :!^mmmm<om{tm^m^ 

»fri^et;iJ:ixf^. ^-^-^^/i-f^JlfASi 0 4^iS:(tSr 

(OX. \ nvmm^m\^^fz^mwmm^^(D^f\.fzmm 
mm(Dmmmmm^mi^mm.\^. e^*oHFET<tt)^ 

ft A ( d » ^ L < ffl I ^ P> S o 

[0 0 5 4] %fz. ^'^mMm(Dmmm,^Wi^^vmm, 

^;ljol^T. I nP^tSl 0 l±(7)#SliCVD?fe-^MB 
EifetcJ: 0 Jl^dc^nSo ^fSit^-h. \ n(DWMhCXV 

XhV ^^ji^TyU^^tmAl ^^/u^^ GaJ^ntV * 
X hV ;^^jU:ifV ^J^^tzitGa;<^/U:t. AsWMt 
bTAsH3^yh«Asp<i$^/U^, PI^JISF^ LTPHa^ 

Mizmmx^ ^:zt hmA<r) i o-cfe So 

[00 5 5] ^mmmm<Dmmm^m^mt^mm: 

(C:fcl^Ttl, ^-\'^>/l-S 1 0 SP^fCf^^^t^/PF^tf AS 1 
0 4 ;65ai*!)jZ^*ixTV>5t;d5. f^^^vwS l 0 3 (DTU± 
^^^-V-t^/UF^tfAS 1 O 4 t Lrt>. i^il±-CUi^Lfc 

[0 0 5 6] //ib\ ^^igJf^®(C:}ol>TJl. >'^'>:7 7^s 
10 2, ^^4^/USl 0 32^tF^-y4^yUf^ffASl 0 4 
I n P^ISl 0 1 \z^^m^'r^m^mmLtzyi)K 

m^^i^it^nu-thtz^Kit. ^■r^>/wsrttfASi 

0 4CO^<> K=^-y y^^^igflO. 7 7 e VJ^±i: L, Tte 

c^ft^iifaE 1 * ^±ta:<^)fi^^mteE2' t(7)r«lPi^i^ 
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[0 0 5 7 ] ^nmmm(^:^mnm^m'-mi^i^m 

> K-^ I n A 1 A s ^ <t T' S i fj: t'0:> n m^f(i^ 

n m fSiS 0) n ^ I nAlAs^i:^5!^S 10 
JCj^'^iSLH^-rSr (tiCj: iQff^fiJc^tifc I n A 1 A s 

10 0 5 8] /j:*5, ^A'-t^/H^lfA^ 1 0 4;0M n PS 
« 1 0 1 (Ct&^lP^"r«)^'g'(c:Ji, I n G a A 1 A s <0 
afiJc^'. I n(DMfiSt:dSO. 5JL^±0. 5 5|^XT"C*>6<0 
) ;65$?^H/\ 

to 0 5 9 1 ^tz. ^-^^wH^tf 1 0 {E^^ 

ff. In, Ga. A I ^COIII^TC^^N, As, P, 

s h^<Dwm7zmt<oiS:M<Dm^'^i:>'^\cx^it^mt)^ 20 

4(i, InP, InGaAs. InGaAsP. InG 
aAsPN, InGaAlAs ^U^A 1 G a A s S b CC> 

tm^±l.\^\ ^•Y^'-ji'^i^Ami 0 4(DBmm7^'r>' 
10 0 6 0] Ttc^o. ^mmmm^^:ts^^xn. Kjf^^icy 
- hy<^ r :^^mi\'t^mmm^m^mt^mm:i^-^\^^x zo 
mm{.titfK hy<^r>^^mmi.fj:v^ikm{cis\,^x 

^-v^>^i-^F^t::^-v^»'i-p^f¥A^^I9:tt6w^{c:j: 

[00 6 1 ] (m2 (Dmmmm) 2 osiisfl^ 

[0 0 6 2] l§l3Ji. *^P^(Dm2<^^ffiJJ^^tC^5ii 

*^56?l^lS<7)iiit1tS§ffiij£^iS«s:^®ti, I nPS 
mi 5 It. I n PS«1 5 l±tca9:*t^n)tTV K- 
:/co I n A 1 A s TiJ^^/c^-S/l^ 2 0 0 nmCOy<yyr^ 
1 5 2 i:. y ril 1 5 2±{C^i,fhtl. T> K->^ 
I nG a A s l^^h^Jt^m^ I 0 nm^±l 5 nmJj^T 
0^2^-^^^/^)! 15 3^. ||2^-\';t^yu;i l 5 3 co± 
t«::a9:ftbn> T > K— ^CD I n G a A s Njij^b?'.^ 511:$ so 



1#fW 2003-289082 

16 

7 . 5 n mO'>tii I -7M' ^^/Hl 1 5 4 <i: , ?B 1 ^- v ^wU/g 

I 5 4 0)±{Ccvi:iihi'irzT> K—'T'C/) I n A l A s /j^h 
^Si^nV-^ 2 n m(/)^^— 1 5 5 <t . i 5 

5c'U-lc0»Jx.li#t?l^s«{Cct e^n/cffi?&l^5 X 1 0 

^mm 1 5 6 ^i^i^^^p/i 1 5 6c7)±(cs^it«bn 

/iT V K— I n A 1 A s t)^h^J: 1 5 n m(7)^< 

yrii 1 5 7 ^, ^<ij 1 5 7(7)±(cg9:ite>n3ty- 

hm^i 6 2 <b. 6 2(Dmm:^{z^iihix 

Ac 1 X 1 0»9 c m-3 (7)S i ^r^ti^n^ I nG a A s 
^j:^=^>'^^ 1 5 8^. ^1 ^-\'^wUS 1 5 4. 
^•--t^^ 15 5, ^if3fii^?5^.^PJl 156, y<\) rm 1 5 7 
^t/=i>^^ h^l 5 8CO— ^(CS i ^^^vaA-f-S 
w^lcj: «9^tte?n/::y— ;^®iSi 6 4St/Ku>t'>«i 
iiScl6 5<t. y-:^mmi 6 4±{zW1^htitiy-::^m 
If 1 6 1 Ku^z^ffiigci 6 5<7)±j::tg:(:t^bn7t Ku 

-r>®fiii 6 0 ^^{ix.r».^^o ^UT. h^u^iymm 

1 6 O&tJ^y— 6 1 li#^jCAuGe/N i ^t)^ 

[0 0 6 3] ^ti. ^mmmm(Dmmm^m^^mi^mm 

ig®)B#{C^(C^l^^^/Ujil 5 40^ib 

y^^—^m 1 5 5 ^co|^®{^i5ic^^ y r^mmx^. z. 
J5k7cm^;^>^ 1 5 9^^tC6o wCOi:#, mi5^f^Ku-f 
>'Sfii 1 6 0 p)>lii;i K ix>r V««c 16 5, Zl^SfeTcm^ 
;?f>^i5 9, y-;^«g«ci6 4, V — ;?^ffiaii 6 1 Ojff 

[0 0 6 4] ^ti. y<yyrmiS2. «2^^^.yuji 
15 3 ^U^^ 1 ^\:^^J]ym 15 4, f"^ 155, 

y<])Tm 1 5 IJSlXI^I^'^^ 1 5 8 S^^fx.^fx.jrfl' 
(MBE) jfe-^fb^^ffl^S (CVD) 

Wii}£\^^^^m^iC\.1t.mX-1h^^ InPStSlSl^C 

[0 06 5] *^J6J^^CDii^t^S§ffi*igf4cS^g;65ti§^ 

InGaAs 75^^ 2 ^ -V ^-/l-^ 153 <?r;^^— 1^ 

if 1 5 5 ^cDrHltC I n G a A s nii^hf^^W^X'f' \ ^^-^JV 
ei 5 4;6S^A$nTV^-5r ^r-C^^o CcO^l^-v^t'. 
/i-^l 5 4S:iS:Jt^::^tcJ:5?»*^E|:Srffli>TUAT'C 

[0066]|i|4(a), (b)fl, ^tV-t^niill 50 

VKIg) (13 2 (a) <hf^i:[§l) , ^U^H 3(7)IVb-IVb^ 

[0067]lg|4(a), (b) tC^i- J: p tc. 
5 5coe2S^i|g(D7}^'f'>'ex^/Ki^l^-r^./U@l 5 4 
1 5 5 i:^ 1 ^^^^)yym 1 5 4 0e#^W(Cfi:i.4!; 
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mf^-r^ I n G a A s N(l. I ii G ii A s J; i>e;i^fiF 
^gcO.1^7^>->-\'y^;0^(lJcl^/i:y), 1 15 4^ 

^2^^r^^/Um 1 5 3 <i:(/:>P«1{C l,3L^,yUi^^p$tJg;)'.:i^|'£ 
L. e2»^Jg(7)a^^./U:^~^<> Ktl^ 1 ^-V^^/U^ 1 5 

^ 1 ^-t^'^/U'il 1 5 4i^u=^-v y rm^Tj^SfilL. 

[0 0 6 8] ^/c. ^^lSff^l^c7)iim<t^ffi^jg«s:$^@ 

^ir^-v'l-jKclt-^T^V^S 1 ^-V-t^^^ 1 5 4f^«C:^-v 
VT^mcZibXl^^tzib. ~2)^7cm^^;^ 1 5 9(7)^ 

m 1 f^-^^^/u-Ji 15 4 t?)/i:;^d 3 ^f^< -t^zt 
-e. Sl^ir^yuJi 1 5 4fr53:tt/^i/^:®^<tH:'<±<t L 

1 ^-r^^ji^m 1 5 4 tc:fe(tSTf5:<7)fi:^2if5rE 1 ' 
;&5S< /^oTi>6o ^(Dtzib^ Ml ^i'^^v'W^ 1 5 4(c 

*5«:f sTttofi^j^ffiE 1 ' t±&(om^m<<LE. 2 • ^ 

CO^fii$rt^e5l5(7)HFET<i: «9 i^ft^f ^ Z t T^^X*^ ^(D 

t?. T&oS-^iifeE 1 * co4^«i(c*>^de^ y r<D^tE 20 
31^ Lie < < /<tor-i^5cm^:^;^ 1 5 9(0^ibiS;65f^ 

[0 0 6 91 ::rT\ ^i^-r^-/^Si 5 4(Dii:;^f.d 3 30 

(-Tf&COft-T-fp^E 1 * ;*^Ml^-y^-/l-^ 1 5 4F^(C^ 

-e. mi^-v^/i-g 1 5 4c»Ji:;^f d s^pffls-r-sr ^jc 
J:oTTffi<7>l:^f|lffiE 1' <lrflll5i-5C,t;dS^«gtc/^ 

[0 0 7 0] ^fc. Mi^-t^./i.g 1 5 4(;oii:;Zf d 3 

Ml^ir^/mi 5 4(c::tbMt5±ffiCDa^*fi:E 
2' d^mi ^^^^/l-^ 1 5 4coe^^$S&^ex.r^2f^ 
-V-^/W-^ 1 5 3(OeiS^$S8(C;0>;ii^S;i>\ ^-<- 40 

5 5i:M2^ir^/t'Sl 5 3^r-«^$ti5fi^ 

^i-fi. M 1 ^ir-t^/v-S 1 5 4(D/?;^^d s^^ib^-yrfc 
t%(0^ ±ffiofl:^ipfi[E 2 • <OiEilj^Tfet7)ft^i^{4 

Ei^ ^^^»jct "9 t>/h^<-r6 - ^^mm 

ffijc::fci>T*i, ^ 1 ^-\'^>/u^ 1 5 4(Ojp:;^Ad 3 ^/?< 

LTl^6cOT\ M 1 "^^^^Ji-m 15 4 ^^(t^<^l/^^^iC 
it-<TTfficOfl:^^2pfirE 1 * ^m^m:L^< ^ Z t if^ 
T*#, TO(7)ft^?i{4E 1 ' t±ecofl:T-m{5:E 2' ^ 
<^f^m^fj^\f^Ztt>'^m\zfj:^X\^^^^ ^(OtLih. ± 50 
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'Mtc< th \ n G <i A s tfi«UCtJ(t6.hf^ i:Tte(/:> 

I 0 O 7 1 ] 3S 1 ^.yujg 1 5 4 ^1^;^^^ , 

nG a A s NOafiJtfj:, y<> K^A' :7'<>i;55 0 . 7 7 e 

1 ^-\'^wu^ 1 5 4 t^^^—^m 1 5 5 <t(75r^(7v<> K 

^ill9cfi:(l. 0. 5 5 e VJLU±lC/j^oTl^-5p 

[0 0 7 2] /jt^d, ;*:^S6Jf$fl§ic:iai^rJl. ^<';/7TJi 
15 2, ^ 1 ^i'-t^/U^ 1 5 4^0^^2^-\'4'wU^ 1 5 
3;^i5 I n PSISl 5 1 (C^&^S^-T 5 L/c;i^ 

[0 0 7 3] ^fc. mi ^-y^wu^l 5 4(1. InGa 
AsNtCix;tT. In, Ga, A 1 ^(7)1 ^ 
N, As. P, Shm(O^mytmt<n%K^^i0^xmffSL 

J\^m 154 II. InGaAs. InGaAs URXJ I n 

Ga A s Pi^(r>o^f)^hmk^Mz\^^'ri\.f}^\^<r>Wi^i)> 

hmf^^t\.^ztiim^\^\^\ ^1 ^^^yuji 1 5 4^ ■ 

Tt»mi^-y^./U/H 5 4 <bm2^^^.;u^ 1 5 3ico 
T% T{ti:col:T-2^{iE 1 * <b±^Ofi^fiffiE 2' (Oftl 

[0 0 7 4] /^ib\ *ll^gJl^«i^c:^3v^Tl^. tbf^^ic^ 
- hy<>(T^^mw'^^mmm^m^m{^mmz-:>\^^x 

1^2^-r^^/uJl 1 5 3<t «9 t»fe2S^(7)/-Kx>>'^/^ 
;i5^g:v^ml ^^^.yu® 1 5 4 ^^ftSw^icJ: Ml 
^•^^-/i-m 1 5 4(c*5JteT{^:ofi^2|l{iE 1 * coi^^ - 

[0 0 7 5 1 ^fc. *^ife?1^J®(?Diifi«S§ffli|i^ft:^g 

5 4 ic:^ir y T^^^^^tzi^(Dm t i^x^m^mm 

1 5 6 fCftxr 6 K- >^«3t^«r-f-^ I n A 1 A s «S 
[0 0 7 6] (M 3 O^^J^ffi) 3 (T^n^j^ 

[0 0 7 7] 115 11. ^^m(Dm3(Dmmmm^c^.^m 

m2 5lt. I n PStg2 5 lilCiSftbn/cTV 
y<D I n A 1 A s :^^h^J:^m^ 2 0 0 n m(Dy< > :7 r ^ 

2 5 2^. y<yyrm2 5 2±\ZW:^^htls T-VK-r 
(7) I n G a A s t^h^^ji^m^ 1 0 1 5 nm(D^2'f'^ 
^^/U^2 5 3 i:, m2^^^/i^m2 5 3<D±{CW^h 
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7' > \ n G a A s N O 6l.'p: ^ 7 . 5 n 

nUU 1 '7- -v ;rwH<^ 2 5 5 <i: . t^' 1 7' V -t^Ufi? 2 5 

5c/:>.l:{^,i5i:(t on:r-r K— rc/) l n a l a s 

2 n m(/)X--:— -t^-Jg 2 5 6. 2 5 6(/^± 

<Cfi?iJ;ili-^K^lr{C J: ^JoJ^ltbix/iiS^eia: 5 X l O'^ cm 

^ 2 5 7 . ^W^W^mm 2 5 7 (7)±(c|3:*t 6ix/cr > 
K— ^C7) I n A I A s ;>^(b^j:^Ji:$ 1 5 n m(7D^< L) 
2 5 8<t. >^<y 2 5 SCOilClftttibiX/cy— higte 
2 6 3 hm*S2 6 3c7)fSjiRiJ:^(Cl3:{t6nfc 1 X ,o 

1 0'9 c m-3 OS i ^r^tf nS! I nGaAs;!)>e>>:C'5=' 
V^^h^ 2 5 9<l:, ^ 1 ^^-v-t^/u^ 2 5 5 , 
Ji 2 5 6 . ^i^i^^:^JD^ 2 5 7. y 2 5 8 &t>':3 
ViJ'j^ hJi2 5 9<D~gB(CS i ^^::i->'?iA-r^C:<!r(C 
«); ^JiSltt ibnfcy-^^i|K2 6 4^U«KU^>^i«2 6 
5t. V-:=^^i^2 6 4±l-^{t^ixfcy — ;^mfii2 6 
2b. Ku><:^^^2 6 5co±lci^(te>ixfc Ku^>m 

||2^Y^-VU^2 5 SOf^lfPJCTV K— I nG a A 20 
1 A s/t^^/«C6lf:$ 1 — 1 0 nm<Of^-^^^/UF^|f AS 2 
5 4^5^i65Zi*ixrv>5o :i/c. KU'-Y VSH12 6 1 ^ 
t5y-;^mfii2 6 2(l^(CAuGe/N i ^tJ^^/jToT 
*5i9, Ku>r:^®«c2 6 SStJ^y— ::^^^2 6 4 ,!r-^iv 

1 ^-v-t^/ue 2 5 5 f^tcn^^Tcm^;^;^ 2 6 o 
;&5^C5)o :i<^i:!Sfe7cm^^;^;^2 6 ojiy— ;^^*ffi2 6 
4^^Lr y— ;^ffi;<^2 6 2 i:. h'i-'-(>mm2 6 5 ^ 
^ LT K 2 6 1 . ^t\.^fhmM.m:imm^ so 

[0 0 7 9] ^fc. In PS^S2 5 1 ±tcl9:tt bt^fc^ 

PSS2 5 l^Cfe^S•g^LTl^5o 

10 0 8 0 1 i^±co J: ^ ic. :^^ft?F^^coiim^^ffli|^^ 

mt. '^2(D%mMm-x^Wim\^fcmiRn^2(o^^:^^ 

[00811136 (a), (b)(i, ^tV-^'ttlil 1 5 CO 40 
I la- 1 Ia«lf^tS(C^3 tt 5tie*C0 H F E T (T):^!^^/^^?^— 
>KI1I (112 (a) , IS] 4 (a) irf^CIU) . ^I>*|§1 5 

(b) {C:fcl>Tti. ^\^^^^J\^m2 S b<DmW\'Xd 1 
X\ ^1 ^-t^^/i-^ 2 5 5 <^:^Y^>>'i-P^t¥A^ 2 5 4 

<omm\-xd 2x\ 'r^^-^j\-^WKm2 b A(Dmm^d z 
x\ ^^^'tt^^nrv^^o 

[008211116 (a), (b) (C^-r J: 0 (C. 

wm(om\tm.^m^mv^'mm.\^^\^^x\^. mi^-v-t^/u- so 
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:^tc. ^1-7- v ^^vu/g 2 5 5 7)'^^- 2 7-- A' -t^uH 2 5 3 J: 
^) l^frsi^^|V^|ftlc/)'Kr->->.\'/i-;i^i'/> I nG u A s Nfj^h 
mic^iLTl^^/i*'^, fgl ^M'^^/L'® 2 5 5 <!:IB2^-v 
.t>/l-^ 2 5 3 <tc/)rrfl{c 1) 0, 2 e V JL^ ± (7) ^ — p$ 
Sg7)^?^?t Lrt^<S. C<7)^lfl:. ^ 1 2 5 5F^ 

tfy^2 6 o/)>±\:^^ m2o:)mmmmtmm^. 
V T^mmom^'^^ i ^-v^^/ni 2 5 5(^(cp^ i::: 

if:>hti^(OX\ Z.}!k7zm,^:tf:^2 e 0(7mmS[RXJ^M& 

m 1 ^^r^-^^m2 5 5(D;f:;?>.d 1 ^)?< i--^ ^ <tr% ^ 
1 7^-r^>^i-® 2 5 5{c^ott^fi:^^£PteE 1 ' <h:±ficofi 
^iiteE 2 • i:e^rrgRi5^??t5feco^-t^^/i-S(-*5»t^fi^ 

1' co4^fli(cfc^li;-?-^±{icofi^i^{4E 2' tc^^L 
«-< <i-5Z^;i5-e^^o *fc. mi^-\-^>'i-Ji2 5 5 

ir^o -::"e. ^i^-\';t-/i'S2 5 sonii^d Hi, T 

fiO^T-iifSE 1 ' tJ^^I 7^-^^./U® 2 5 5rt(Clti9iZi 
*ttT^/^'5/i:^;e^5$^* TfficoS^iifiE 1 ' ;eiS/> 

?^t< ^ tj^l^-Y^vuS2 5 5 <i:^2^-\-4>'U^^O|1L 
cSlr 4o S H 2 <D^ ^ ^^u® Ofiitfffif (C*3 -5 tK-t 
-V/i-J: t>{g:</c^oT4B«9. ^ 1 T^-V^^/Ujf 2 5 5 cofi 
2^^/i<-r>i^ir/^;i)>T{iO*^i^{5irE 1 * (C7&^7!)>o-CV> 
ttf^^l^^:^/W'S2 5 5l^(caE-^ l^r^^Cri^)^^ 

[00 8 31 n^^b\ 5^^Jgff^ffiT*li, H 1 ^^-t^yu^ 2 
5 SCO^O- K=^r-^!y:7'tifl0. 7 7 e VJ[UT<t T^^-t 
Ail 2 5 4(?:>>''0 K=¥-\' !y:/tlfi0. 7 7 e V 

[00841 ±iSc7)^^(c;(JDx.. ::*:^iifeJl^^(7)jS{t«|§§ 

fflAB2 5 4^(ix.rv>6cOT% Ml^O^m2C0^JgJF^ 
^ t it-<T t> Tteoffl:^fi{i E 1 ^ Jifficoft^fpffi e 
2' t<DWPi^/^<i-5r ^;&S"e#5o rOJiig:^:, 

*fefl^^tcM:-<-r-jjfe7cm^;^;^2 6 o (o^Wi&lkxj^W^^ 

[0 0 8 5] /,^*>rcO|^. ±fficDft^=-?iffiE 2* 1 
f^-r^^/l^® 2 5 5 ^m^^X^ 2 ^-^^./ue 2 5 3 (7> 9 ^ 

^^:^^J\yp^WXm2 5 4 O_hC0^^tc:;6-7i>o T t> <t V ^ 

[0 0 8 6] :^mmwm<om\tm^m^m 
mmm.^^^^'&\^x%w-r^:Ltt^x^^(DX\ sii 
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Co 0 8 7 1 im^t/ynmrnm) 

- ilB in -> X -T- A c/J) -4: (]'} /X f ftfiJc - 

( C i^. ^ iOI m 1^ g§ Ifl 4^ (4c ^ {g i I K . 13 ^ ijTi f t •> X ^ 

[0 0 8 8 1 m7n. :^mno:>^mmnmic^n^ i u 

i^^^ljffl L/cii^t >X7'^ (4'-*;/ h — ^j^T' A) (7) 
S^^:7r'1'^<— (Trunk Line 0-Fiber) t)^ 

fB^t<orfS\x-^mtmt>th. mmx\t^y^:^tmmm 
t<Dmxn^ v^^mmLfc9^ ^uy.T^±ys7b^-^tii 

%yr^ y^i^{z mmmm ^ tt ^ m^m t m^mm 
fa^'^i^km\^<Dm^t<Dmx\ Ti^y^-r^^x^xv^^ 

[0 0 8 9] in 8*1. M7 {Z7r^-rm^mt^w^m^:^y 

^ifeJi^fficoiifai/^T^^fd:, ^y7-<y<—m (^-2/h!7 
— {7) 3 0 0^^LT5V>{cSjgg$tt5#IS<^M)aS«6 

^301^. ^mmmmm 301 Lr5:v>jciim^ 
nfj:otzi^(Di^M^^3 0 2 t^mx.x\^^^^ ^i^Mm 
3 o 1 fi, mM<D^m. mm^rffj: 0 tzLiixDriyT' 
'rmm.^ i\t. T>^T'rmm3 1 ix^mi^timMm 

i^<ommmmm3 1st. ^mmm^^s 1 2^mmmm 

y^<Dmip^mm'r^titb<Dm'^^3 1 st. mMmmm 
3 0 1 t^yr-cy<-m3 0 o t<Dm(Dm^^mm.'t^ 

^8321.?:. r ^-'7^-:hi^g 3 2 1 T'Sft L^cm^Sit-^ 

^iitii-^/^<^<o^tg^Wi-5S{U«i|iia5 3 2 2 T 

>7''f'mm3 2 1 (ctt(jiiLfcii5jlfSffi-^:^5^^}iZitpfci6 
<Oji(fiS^i^3 2 3 i:. ^y'y^'^ y^(Dmi^^mmi-^tc 
ib<r>mmU3 2 5 i:^{lix.TV^-5„ 
10 0 9 0] d 9 M^Sife^ 3 0 1 COp^^mj^^X 
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^-7-3 1 1 b tlzji-yxmi^t^iixi^^. :i 
/i, tSm^f^aSffia I 7 -r/u^ 3 3 1 (iS$i#r 

(LNA) 3 3 2 <t ^iE^«J(C2l5-roffigLrm^ 

<r>^^i^3 3 4r-nm^rtxir-i>, ^mmm^3 i 3{z 

li. y<T>y^3 3 5 t s y^jy^^33Qt. 

10 Ji'r>zr3 3 7 ^^>r>-:r3 3stmm^tix 
^^60 W^j^^^3 1 6ii, SWI-^^^H-rs/^cdbco 
^-^^^^ Km-^*&SSP3 1 ><>^-:7^— 
3 1 8 ityT^y<-m {^^y hV-^) 3 O 0(C^ 
m.^tl^^^mmU3 1 9 t(CJ;oT^^^nr^^-5o 

no\n^m^mmUl^^ — y=^-y^U3 1 8«C^lt^ 

[009 1 ] 1 0 (i. El 9 (C^i-3|^{ti«^ia5 3 1 3 

20 [Higsiiir*^5o i^mtc^-rj: ;^^>rv:7^3 3 8 
fi-i-Pout ^ffi;^i-SHFETtrSaaLrfll^$ixTv> 

5o rc7)HFET<J: LT. M 1 3 0||ffi?^|iOiiit 

[0 0 9 2] *fc. HFETO^^-htcJilSMRg^^ 
LT-^*— h/^-rr^^V g;6^^:^JD^tt. HFETO KU-r 

^ixT:fcO. HFETOy-^^fig^i^fetdS^g^^nrVN 
5o :^fc. A;^{|iJIlIgS(cn, HFET(cA:^-(aiIiIK$r:fr- 

-^-a^efetRs ^^LTA;/j5S^Tin(^m;^^^^-r'5ySi 

^'ft\^x^MB^^m^tii^(Dmti^^Tout mtf 

[0 0 9 3] ^®J^3ljt♦Cffll>f^tL6^^•^7-T>:/^Cf± 

commc^^o ^^'y-Tiy-:fx\^^x>ir^^m^i^fz.o 

J:^«c. A:^{il^ vt'-y>;;^S^[p]g§T-fiA;^^^P 
in;0-^ H F E TM^^t^KIS^^m-X^ ^ tii^^h^ < fj: 
50 5J:^t-, M^Ug^ijOT$tt;t=^-t/'^'>^5'C i nO^SM 
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<L- , -^'^ ^ p X h y y^m^o^ii ^^ i. i n o:>m:tst f)'^m 
iilif^i^i^^i^o ^ >- 1'- y >- >^ icil^ ap^ 4- ;t 1 \ 

[0 0 9 41 :^iii»feff^isc)ism>^7"Atcioi>r*i. ffi 10 

} »;tc. Sii^, ^^tf«iJi3^ (PDA) , ill^ft^v?^ 

mt LTMM I CCO«^^*-r6t,co(c-ov>TlftP^i"6 

[0 0 9 6] mi 1 fi. :$:^B.^(7)^;te^^^(C*5t^^ I n 
P&^±{Ciy3 h^—y-< h\ HFET, ME S 

PET, ^^y<iy^Rrj^-(iyy^^^Mm\^Xfj:^^m 

^*aiH]ss^H (MMic) (DWrmmxh^o 

[0 0 9 7] mm&<D^ (F e) 7)*^ F-^^thtzm^m 

1 00 um<D^^K&m{±(Dl nPm^4 1 0\at. T V 30 
--fxm^m 2 0 0 n m<^^ 1 O^f^ffl^-Cfc -5 I n A 

1 A s ® 4 1 5 a: . Ji:^)^ 7 0 n mO^ 2 O^f^^^T' 
^ fe-S^^fiS :/I nGaAs^412^. T> Y--^ 
XW-^^ 1 0 n mO InAlAsg416t. T>h'— 
^Xm^f^^ 1 5 n mCO InGaAs^417^, InG 
a A 8/14 1 7P^tcJSi^ji^iX7t/i:;Zjt;!5^ l--! 0 nm(0 

>^InAlAs®413^, y ^> l^fmstmXh^m 
nmCD I n P^4 1 8 tt^s^nht\.X\^^^o 

[00 9 8] r T\ mi 1 <DT:^iz^:K {^XTjk-tX o ao 

tC, ^fifi K— :/I nGaAsS4 12(i:. SSia (CT 

1 X 1 020 a^Q^3 . c m-3 ) COS i (iyy =^ » ^ 
^ts^^:^*^^ 1 n I n G a A s W^^e^^^h^J:^ nW. 
h^-ymA I 2 a<D5mt. I nG a A smf^&:^^h^J: 
^m^m 1 0 n in<DT > K— ^/l 412b06^^ 
m LT^^$tbTi^^5o ^fi 6 >^ I n A 1 A 

s®4 1 3fi, iSaiS (0ij;tfil X 1 020 atoms . 
-3 ) CO S i <^-&tr)i:;9-;&>«^ l n m(75 n ^ K- 4 13 
a C0 5® r > K— :/co I n A 1 A s W^^B:^>(bfj:^ 

5 n m<DT> h^—^m 4 I 3 b(D6mt ^^K® L so 
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xmn^^nx^r^^o tLx. n'jyK-^/«S4 i 2 ad, 
y^rzL//^Tiii(^/s:W&{zm<mn)<.^iix^^^, nm 

Ig4 1 2 ii . 4 I 3 a 5 h'—yf^XP)^) . 

/§) ^<ft«ffiK-r/i (r>K-^/i) t^^SlcflSSL 

[0 0 9 9] i/c. In PSIK4 1 0 ±o:> o h^M 8 K 
— :/f nGa A s^4 1 2 i^i^^ffi L Tl ^6 SffJ5>i7)_h(c 
li. ^ h^^-y^Th- K4 2 0 (lf»^^^) M 
ESFET4 3 0 {^<^ — r>y) t^^^^nhll. In 
P^tg4 1 OCD^io^mS K — I nAIAs^413 
^^a±g[ilC:#^E^5^5><7)±(Cd. HFET4 4 0 

^^-Tv:/) =^-\->'<^x^ 4 5 0 (^a^^^) ^ 

>y^^4eo mmm^) tt^WL\'^htix\^^^^ -tfj: 

3 S^l^lfiJ^LTl/^'SHFET, ^^^—h* (fig^ilSfflJ) , 

^y^^mmmt^- (lOGHzii^T) ^ti^i-r^iHjsfsicga 

H^tt^ME S FET:05 1 0(7:> I n P S^glCfi^lt ibttT 

[0 10 0] r CT*^i-0JjT*d. >TV:7^3 3 8 

^fi)c-r^HFET4 4 0O^^^>/W®<t/^5 I n G a A 

sm4 1 7\z.mi <onwMmxm.m uyc^-v4^/^F^#A 

^4 1 9?i)SSAt)iZ^*tvTV>6fc:ft!>. n^K— >^®4 1 3 
a t^hWl^^iXfz^'^ V Tf)^ InGaAs^417C0p 
h^Md h^—y InAlAsJi413 <h ^•^'^-/WF^ffiA 

®4 1 9 t<Dm(Dmm^&mcm\:.ztbhti^zt{:if^ 

6o -tO-h. ar^'<^Wt:co^it7!iS«]S<i$tb-5^<b 
=^-\r y T;^5±fficofi:^ip{t5rtC3l^L(c< <fj:^X\r^h(D 
X\ ^^JfeJ^^T*:^-t-;^-r VTVr/'S 3 8^0xi{t«§§ 

[0101] -jl{t->;^-rAco^a3<75ll|^- 

m^. mi--ms<Dmmm^m^mt^mmiim\^^bti^ 
[0102] iii2d, ms \c7jk'rmni^:^T'M.^<Dm 

5o ^w-Cfi. PDC::^^^ggfflLTV>:5o H 1 2 Ci^ 

mpms 2 3 ttr-^A^xir^^o ms\z7fii'»W}mx^^ 

^l^^^*3 0 2C0^lJ^i^d, mi 2{C^^'rCPV Pt 
-^TDMA-CCT^, SP-CODEC<b. ROM/ 
RAMt. TERM-ADPi:, DPSK-MOD^:, 
H i S p e e d S YNTHi:, I F - I C i: . CPSK 
-DEMOD (EQL) ,?r J: o Tffi^^ ^^rv^^« 
[ 0 1 0 3 1 (gl 1 2 (C^-t-fi5/^?S«liia^F^co y -T P A 
(y<^-T>y) d. 0iJx.*^^i6OSIlfejff^^oii{tmf§ 
ffi ^^i^S^KT'fc 5 H F E T ^ Wi- 6 lHlS§(c l^^jci- 
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(O 1 O 4 1 (H 1 3(i. («J9 (C.i^-^- ^ ^H>-3 3 4 yLitm 

1 2 iz^^ i 0 i^-c/)(Hj?stf$fijc0ij^.T>-^mr\iHiss[g)r'^3 

m^ittiffla^HFET 1 2 06^Mt^Sniixl. Smix2 

Ku^ >';6^^ai;^-r^ 5: iJ'-tMt-^it<>iffl<7)H f e r 2 ^ 10 

I n PSIg±lC?f$/^ LT. 1 0(DMM I C r 

[01051 014 f^, ^1 2(Cj^-rs PDT>^-f 5/^^ 

[HlKS-C^^o CO0»JT-*i, A;^it#Sinl , Sin2 ^ 
^»tT. V^-m7i^c7)A;^Jm-^Sinl , Sin2 $rlt*iLfc 
fs-^Sout SrttJj^i-S J: 9^c;^^$^^-rv^^, w^T*. 
tti;^fi-?-HFET 1 -HFET4. 
6, :^-r;^- KD 1 -D 2. 2i^t;JlSfet^^R 1 - R 6 
looi nPStKfCj^fifeLT. MM I C§r«^-r-5r t 

[0106] J^i:(;i;^-r J: 9 ic, ^ib^^S^^^'^T)^ 

[0107] 

HFET^;Iio^/^T> =^^^-^\^m^\z^^^^jvtmK 

11121 (a). (b) ^tv^'ttiai 5(C7F-riIa 
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® ^ ^l^jmil '0^-6. 

[(il4] (a) . (b) II. Trix-e'niil 1 5{c.T^-riIa 
- 1 Ia^»r05tCiD It 5 Vt^O^ H F E T (7):n y < > 

Km. SLKm 3 c?:)lVb- IVbi^l^iSlcjJoi-t 61^2 wHtfiff^ 

E ^ -r »T ® m T' ^ 5 o 

(De] (a) . (b) II. -tn^'ixEll SIC.T^i-IIa 
- 1 Ial6»f ffi|C*5 It 6 5|5<7) H F E T <7) J:^>/b:3^— y< > 
Km, ^t>'Ill 5 ICTF^VIb-VIbi^KffSlC^olt 6m 3 con 

[US] m'7\Z7f^'^m^mt^%W^yt-7 
5Sg^ t oral lc4bMt 5> lift i^;^ -r Aco«^K^StliS6«jlc^i- 

[UlO] li9(c:^•t-i^{tii*I^(:lSa®^ttTV^5^>f 

[131 1] l^4 0|tJfefl^f®fC#6il{tV>?^T'ix-CffiV>t> 
tL5^2S#:*aiElj2§i^g (MMIC) co^SElT'fc^o 

[m 1 2 ] H 8 f-^t-iiWiXJ^^ j:.4^cDMaiS* {^Ib 

[1113] m^'^fz.\xm\2\z.7v^'^%^'^<r>Wi^m^m 
[m 4] mi 2ic^-rsPDT;^>r .y^^-^tfism;^ 

So 

[His] ti§3fe(DHFETco^g5t^£:7i^i-^®0-cfc-5o 
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